Sheet 1 This invention relates to a squeeze film shaft damper for rotating machines such as hot gas turbine engines, and more particularly, to damping fluid pressure con trol in such dampers.
Squeeze film shaft dampers permit a shaft and an associated bearing to have some limited radial move ment in a bearing housing where a thin annular squeeze film space is defined between a circumferential bearing member, usually the annular outer race of a rolling element bearing, and an opposite circumferential wall of an annular chamber in the bearing housing in which the bearing race is housed. A damper fluid, usually an oil, is introduced into the annular squeeze film space to gener ate a resistance to radial motion of the shaft and its associated bearing in the bearing housing chamber. An imbalance in the gas turbine rotor-shaft assembly, for example, may cause the rotor shaft to undergo limited orbital motion which is transmitted to its supporting bearing to cause the outer race of the bearing to un dergo orbiting motion in its housing chamber. This orbiting motion generates a very high fluid pressure wave moving circumferentially in the described annular squeeze film space which provides fluid resistance to further shaft radial and orbital motion. Damping action in a damper causes a significant temperature rise in the damper fluid, and heat is dissipated from the damper by means of continuous recirculation of oil to and from the squeeze film space. It is important in effective damper operation to control and maintain the described circum ferentially moving pressure wave while at the same time recirculating oil through the damper without deleteri ously affecting the pressure wave.
OBJECTS OF THE INVENTION
Accordingly, it is an object of this invention to pro vide improved pressure control of a rotating pressure wave in a squeeze film shaft fluid damper.
It is another object of this invention to provide im proved oil recirculation in a damper.
It is a further object of this invention to provide inter nal combined control means in a squeeze film damper to support a circumferentially moving pressure wave while at the same time effectively supporting recircula tion of oil through a damper.
Another object is to provide a ring valve means acti vated by a circumferentially traveling pressure wave in the damper to maintain damper fluid pressure in a high pressure region of the traveling wave while opening fluid discharging means in an opposite low pressure region of the traveling pressure wave.
SUMMARY OF THE INVENTION
A rolling eccentric control ring member in a squeeze film damper acts as a pressure activated moving valve element to timely close off fluid passages in the highest pressure region of zone of a circumferentially moving pressure wave therein to sustain the wave, while simul taneously opening fluid passages in a low pressure Zone of the pressure wave permitting the necessary damper fluid recirculation to maintain proper operating temper ature. The eccentric control ring serves as a series of mechanically coupled check valves. Radial motion of shaft 13 is directly transmitted to race 14 so that shaft 13, bearing assembly 11 and races 12 and 14 move as a unit. As race 14 moves radially in chamber 17, fluid in space 20 is compressed in the re gion of space 20 where surface 18 is moving toward surface 19.
During engine operation, turbine shaft 13 in bearing 11 undergoes some orbital or eccentric motion, which is directly transmitted to bearing race 14 to have the same The forces involved in generating and sustaining this circumferentially moving pressure wave not only exert a significant resistance and damping effect on continued orbiting motion, but also result in raising the damper oil temperature. One problem associated with the circum ferentially moving pressure wave is the need for contin uous damper fluid supply and withdrawal, as required for oil cooling treatment and optimum damper opera tion. As noted in FIG. 1 , damper oil is introduced into squeeze film space 20 through inlet 21. Oil is typically removed from space 20 by controlled leakage past the piston ring seal means 22, into regions 24 (FIG. 1) , to return through associated clearances to a sump region (not shown).
Oil delivery, through inlet 21, for example, should be carefully controlled with respect to the passing pressure wave which may include a peak pressure at the same time and position where oil is attempting to enter squeeze film space 20. To avoid the occurrence of hav ing a higher peak pressure in squeeze film space 20 than the pressure of the inlet oil in passage 21, which would thwart oil delivery and possibly cause over pressure conditions in the oil delivery system, one way flow check valves are usually employed in appropriate oil inlet passages such as passages 21. Such check valves prevent backflow and over pressure conditions, and at the same time prevent removal of fluid from the high pressure region, which would result in deterioration of the traveling pressure wave.
Oil removal from squeeze film space 20 should also be carefully controlled with respect to the passing pressure wave. One condition to be avoided is removal of oil from the high pressure region of the squeeze film space. Removing oil from the high pressure region diminishes the magnitude of the travelling pressure wave and re duces damper effectiveness. Known damper systems that rely on discharge leakage past seals 22 are disad vantageous in that almost all the discharge leakage past seals 22 occurs in the high pressure region of squeeze film 20, thereby diminishing the pressure wave. An other condition to be avoided is air entrainment in squeeze film space 20 in the lower pressure region of the damper where, due to the orbital notion as described, squeeze film space 20 is at near its thickest dimension. A flow through damper oil recirculation system which does not depend on leakage past seals 22, but instead uses a control means which withdraws oil from a low pressure region in the damper during its orbital opera tion, and prevents oil exiting from the orbital high pres sure region, would be an improvement in damper func to.
The control ring and groove of this invention main tains the generated pressure wave by discharging oil from only a low pressure region in squeeze film space 20. The control ring and groove combination serves as a series of mechanically coupled check valves which are activated by the circumferentially traveling pressure Referring to FIGS. 2a and 3, a plurality of circumfer entially spaced, radially extending discharge passages 27 lead from the bottom surface 28 (FIG. 3) of groove 26 through race 14 to a generally low external sump pressure. The internal diameter of ring. 25 is sized slightly larger than the diameter of groove bottom sur face 28 to permit ring 25 be positioned eccentrically in groove 26. Ring 25 is preferably a full circle 360 degree ring. Ring 25 can extend into squeeze film space 20, and can be sized with respect to groove 26 to avoid metal to metal contact with housing surface 19 during operation.
In a preferred embodiment, ring 25 can include a pair of radially and circumferentially extending ring side walls 36. The sidewalls can be axially spaced apart by inner and outer cylindrical ring surfaces 30 and 40. Groove 26 can include a pair of radially and circumfer entially extending groove sidewalls 32. Ring 25 prefera bly fits closely in groove 26 with the minimum axial clearance between ring and groove sidewalls which permits smooth radial motion of ring 25 in groove 26. This minimum clearance will vary depending on bear ing size, and can be calculated by those skilled in the art of mechanical design.
A plurality of radially extending and circumferen tially spaced-apart channels 31 can be disposed in radi ally extending ring sidewalls 36. Channels 31 are prefer ably uniformly and circumferentially spaced around ring sidewalls 36 (FIG. 4) . Channels 31 extend from ring inner cylindrical surface 30 and terminate interme diate inner cylindrical surface 30 and outer cylindrical surface 40, at a ring radius R shown in FIG. 4 .
Operation of the automatic ring control of this inven tion is best described with respect to FIGS. 3 and 4. sure, which will be lower than the pressure in squeeze film space 20. Thus, as race 14 orbits in chamber 17, the resultant force on ring 25 due to circumferentially trav eling pressure wave 60 will cause ring 25 to be urged radially into groove 26 near the high pressure region 61 of wave 60, with a corresponding and simultaneously movement of ring 25 outward from the groove near the low pressure region 63.
Movement of ring 25 into groove 26 thereby closes off the high pressure region of squeeze film space 20 from channels 31 (and thus from discharge passages 27), where channels 31 are radially inward of race surface 18 and closely fitting ring and groove sidewalls 36 and 32 restrict flow from space 20 to channels 31. Simulta neously, channels 31 (and thus discharge passages 27) are open to discharge from the low pressure region 63 in squeeze film space 20 where channels 31 are radially outward of race surface 18. The eccentric ring action as described is automatic, requiring no external control to be effective, and is actuated by the very occurrence (traveling pressure wave) which it affects or controls.
Angle A in FIG. 4 represents the angular extent of sealing of squeeze film space 20 from discharge passages 27. Since space 20 is sealed from passages 27 to the extent that channels 31 are radially inward of bearing race surface 18, the angular extent of sealing can be tailored to a specific application by varying eccentric ity, c, or the radial extent of channels 31, R. Angle A is preferably greater than 180 degrees to ensure pressure While this invention has been disclosed and described with respect to a preferred embodiment, it will be un derstood by those skilled in the art that various changes and modifications may be made without departing from the spirit and scope of the invention as set out in the following claims.
I claim:
1. A squeeze film damper for use in a gas turbine engine, the damper comprising:
(a) an annular bearing support member positioned in an annular chamber where opposing circumferen tial surfaces of said chamber and said support men ber define an annular squeeze film space therebe tween, and where motion of said bearing support member generates a circumferentially moving fluid pressure wave in the squeeze film space; and (b) damper fluid control means in said damper and operative by the damper fluid pressure wave in said squeeze film space to prevent discharge of damper fluid from a relatively high pressure region of the squeeze film space, and permit discharge of damper fluid from an opposite, relatively low pressure region of said squeeze film space. 2. The damper recited in claim 1, wherein the damper fluid control means comprises a ring and groove combi nation, and wherein damper fluid discharge is con trolled by eccentric motion of the ring in its groove. 4. The damper recited in claim 2, wherein the groove of the ring and groove combination is disposed in the chamber circumferential surface.
5. The damper as recited in claim 2, wherein the ring and groove combination includes closely spaced ring and groove sidewalls which seal discharge flow from the relatively high pressure region of the squeeze film space during eccentric motion of the ring in its groove.
6. The damper recited in claim 5, wherein at least one ring sidewall includes a plurality of generally radially extending channels in flow communication with a plu rality of discharge passages, and wherein at least one channel is open to discharge flow from the relatively low pressure region of the squeeze film space during eccentric motion of the ring in its groove. 7. A squeeze film damper for use in a gas turbine engine, the damper comprising:
(a) a bearing support member positioned in an annular housing chamber where opposing circumferential surfaces of the chamber and the support member define an annular damper fluid squeeze film space 8. The damper recited in claim 7, wherein the groove includes a circumferentially extending groove surface extending between groove sidewalls, and wherein the control ring includes a pair of ring sidewalls, each ring sidewall facing at least a portion of an oppositely facing groove sidewall.
9. The damper recited in claim 8, wherein the damper fluid discharge means includes a plurality of discharge passages disposed in the circumferentially extending groove surface. 
